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Introduction

The accepted predispositionsto both decompression
sickness (DCS) and arterial gas embolism (AGE) in divers
arelisted in diving medicine texts® but supporting dataare
often anecdotal, and analyses of series of divers with these
diseases have caused the significance of some of these
predispositions to be questioned®. The grading of DCS
into clinical types| and |1 does not appear to be predictive of
outcome®®, perhapsasaresult of theremarkablevariability
seen in the manifestations of thisillness?. Thisvariability,
and the limited data available for the treatment of AGE®,
may explain why the management of these conditions
remains controversial. Also, while it is conceded univer-
sally that both DCS and AGE can affect the nervous sys-
tem@*13. agreement on the frequency of neurologica in-
volvement® 12219 and on both the frequency and the nature
of neurological sequelag® %2, cannot be reached.

Itisclear that the understanding of theseillnessesis
limited.

During 1987, 64 divers were treated at the Royal
Adelaide Hospital Hyperbaric Medicine Unit (RAH HMU)
for either DCSor AGE. Whilethisisnot alarge series, itis
nevertheless of interest in that the mean time from the onset
of the diver's symptoms and signs to compression in a
recompression chamber (RCC) was relatively long, 26.4
hours, and thefrequency of incompl ete resolution of symp-
tomsand signs at the time of the diver’ sdischarge from the
hospital washigh, 54.5%. Consequently, afactorial analysis
of these diving accidents was performed to determine what
factorswereassociated with apoor outcome. Theresultsare
discussed in the context of the controversies listed above.

Clinical Review Period; 1987

Sixty-four divers suffering dysbaric illness, 58 with
DCS, and 6 with AGE, weretreated by recompression at the
RAH HMU. None of these had used gasmixturesother than
air. All of thediversweretreated in amultiplace RCC, and
with one exception they wereintravenously rehydrated with
crystalloid solutions. Only 2 of the divers with DCS were
givenintravenoussteroidsand noneintravenouslignocaine.
Amongst those with AGE, one diver received both intrave-
nous steroids and lignocaine.

The RAH HMU protocol for treatment of either
illness involves initial compression to 2.8 Bar absolute
pressure (1 Bar = 1 atmosphere) and administration of 100%
oxygen to the casualty. For those being treated within 24
hours of the onset of their disease, if this regimen fails to
achievesignificant relief, then thediver ischanged to either
an oxygen-nitrogen or an oxygen-helium mixture (depend-
ing on the gas breathed during the dive) and compressed
further to either 4 or 6 Bar. Recurrent or persistent symp-
toms and signs are treated with daily hyperbaric oxygen
(HBO) exposures, until either resolution has been achieved
or the deficit is considered refractory to treatment.

Of thosediverswith DCS, 22 presented for treatment
within 24 hours. All had their symptoms and signs com-
pletely relieved during the initial compression treatment.
However, 16 relapsed and required repeat HBO treatments.
Repeated treatments were successful in only 6 of these 16
divers, sothat 10 |eft hospital with persistent symptomsand
signs.

Theremaining 36 diverswith DCS (62%) presented
for treatment 24 hours or longer after the onset of their
illnesses. Despite repeated HBO treatment, 21 of these
diversnever experienced completeresol ution of their symp-
toms and signs.

Overdl only 27 diverswith DCS (46.5%) had com-
plete relief during their period of hospitalisation. None of
theresidual symptomsand signsin theremaining 31 divers
with incompl ete resol ution were present prior to the current
episode of DCS. Theseresidual phenomenawere predomi-
nantly arthralgia (25 divers) and neurological symptoms
and/or detectableneurological deficit (8divers). Twodivers
had both arthralgia and a neurological deficit.

Only 6 of the 64 divers had AGE. In 2 of these
symptoms and signs did not fully resolve.

Data from all divers were recorded on a designated
proformaandtransferredto acomputerised database (dBase
[l plus). Datawereanalysed using Fisher’ sExact Probabil-
ity Test,

Results

Thedatafor all diverswith DCS are summarised in
Table! (p 100) and for those with AGE in Table Il (p101).

Those factors that were significantly (P < 0.05)
associated with incomplete resolution of DCS symptoms
and signs, with the calculated level of probability,are listed
in TableIll. Those factors that were not significantly (P>
0.05) associated with incomplete resolution of DCS symp-
toms and signs, with the calculated level of probability, are
listedin Table 1V.
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TABLE 111

FACTORSSIGNIFICANTLY ASSOCIATED WITH INCOMPLETE RESOLUTION OF DCSSYMPTOMS
AND SIGNSIN 58 CASES OF DECOMPRESSION SICKNESS

Factor Fishers Exact Probability

1 PreviousDCS: 0.012
2 Compliancewith DCIEM tables: 0.050
3 Abalonedivers: 0.003
4 Number of ascents:

1v morethan1; 0.034

Lessthan 3 v 3 or more; 0.045

TABLE IV

FACTORSNOT SIGNIFICANTLY ASSOCIATED WITH INCOMPLETE RESOLUTION OF DCS SYMP-
TOMSAND SIGNSIN 58 CASES OF DECOMPRESSION SICKNESS

Factor Fishers Exact Probability

1 Age Lessthan 40 .v 40 or older; 1.000
2 Sex: 1.000
3 Occupation:

Manual v sedentary; 0.590
4 Maximum depth:

Lessthan 10 msw v 10 msw or deeper; 0.116

Lessthan 20 msw v 20 msw or deeper; 0.162

Lessthan 30 msw v 30 msw or deeper; 0.172

Lessthan 40 msw v 40 msw or deeper; 0.694

Lessthan 50 msw v 50 msw or deeper; 1.000
5 Number of divers:

1v morethanthan 1; 0.782

Lessthan 2 v 2 or more; 0.292

Lessthan 6 v 6 or more; 0.131
6 Typeof disease 0.773
7 Time to onset of symptoms:

1 hour v morethan 1 hour; 0.174

Lessthan 6 hoursv 6 hours or more; 0.425
8 Delay prior to compression:

Lessthan 6 hoursv 6 hours or more; 0.212

Lessthan 12 hoursv 12 hours or more; 0.193

Lessthan 24 hoursv 24 hours or more; 0.420

Lessthan 48 hours v 48 hours or more; 0.271

9 Initial hyperbaric treatment table:
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TABLE

58 CASES OF DECOMPRESSION SICKNESS

Mean age: 30 years
Sex: Males;

Females;
Occupation: Manual;

Sedentary;
Activity: Recreational;

Instructing Recregational

Scientific;

Fishing (eg. abalone);

Commercial;

Dry Chamber dive
Previous decompression sickness: 13 (22%)
Mean experience (one diver had no formal training) 2.17 years
Mean depth: 25 msw
Gas mixture: Air ;

O2N,,

OZHe;
Compliance with DCIEM tables: 18 (31%)
Decompression tables: None;

USN;

PADI;

Others (eg. RNPL);
Decompression meters,
Repetitive dives: 40 (69%)
Mean number of dives:
Mean number of days diving:
Mean number of ascents:
Alcohol intake on the same day before the dive:

Symptoms precipitated by decompression to altitude: 5 (8.6%)
Equipment failure: 6 (10.3%)
Mean time of onset of symptoms and signs: 6.48 hours
Type of disease: Typel;

Typell;
Diving Emergency Service contact: 41 (70.7%)
Retrieval to RAH HMU: 43 (74.1%)
Retrieval by transportable RCC: 30 (51.7%)
Mean delay from onset of DCS to compression in aRCC 26.4 hours
Multiple hyperbaric treatments: 44 (75.9%)
Mean number of hyperbaric treatments:
Intravenous steroids: 2 (3.4%)
Intravenous lignocaine:
Outcome: Complete resolution: 27 (46.5%)

Incomplete resolution: 31 (54.5%)

58

15
16
19

29
2.2
3.15

17
41

343
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TABLE I

6 CASESOF ARTERIAL GASEMBOLISM

WoDNPE

0 N O Ol e

8&0

BNBBRRBRREB BENBEGEBRE

Meanage:

Sex: Mdes,

Females;

Manud;

Sedentary;

Recreationdl;

Instructing Recreational;
Scientific;

Fishing (eg. abalone);
Commercid;

Occupation:

Activity™:

Previousarterial gasembolism:
Mean experience (3 experienced divers and 3 scuba trainees):

Meandepth:
Gasmixture: Air;
OZNZ;
OZHe;
Compliancewith DCIEM tables:
Decompressiontables: None
U\,
PADI,
Others(eg. RNPL)
Decompressionmeters,

Repetitivedives:

Mean number of dives:

Mean number of daysdiving:

Mean number of ascents:

Alcohol intake on the same day before the dive:
Symptoms precipitated by decompression to altitude:
Equipmentfailure:

Mean time of onset of symptoms and signs:
Typeof disease: Neurological;
Cardiological/pulmonary;
Diving Emergency Service contact:

Retrieval toRAH HMU:

Retrieval by transportable RCC:

Mean delay from onset of AGE to compression in an RCC:
Multiplehyperbarictreatments:

Mean number of hyperbaric treatments:
Intravenoussteriods:
Intravenouslignocaine:

Outcome: Completeresolution:
Incompleteresolution:

31.6 years

3years

3 (50%)

2 (33.3%)

2 (33.3%)
19.8 minutes

3 (50%)

4 (66.7%)

3 (50%)
19.98 hours
6 (100%)

1 (16.7%)
1 (16.7%)
4 (66.7%)
2 (33.3%)}
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Discussion

Most reviews of diverswith dysbaric illnesses have
described early recompression treatment, and have reported
high resolution rates®. However, the same authors have
described persistent arthralgiain some divers despite con-
ventional therapy, and furthermore, the frequency of neuro-
logical sequelae varieswith the extent of investigations and
the intensity of follow-up examinations® 20, The natural
history of these persistent symptoms and signsis for spon-
taneous resolution over weeks to months®4, and this reso-
lution can occur despite persistent histologically-evident
nervous system damage®. As such, much of the nerous
systemrecovery may beduetotherecruitment of previously
uncommitted neurons.

Delay prior to treatment appears to be an important
determinant of outcome® 227, |n a series such as the one
reported here, this finding will be obscurred by the earlier
onset of fulminant neurological DCS in comparison to that
of milder disease?®, and the more likely early presentation
for treatment of divers with such severe disease. The
important finding in this series is the frequency of incom-
plete resolution of symptoms and signs. Regardless of the
outcome of these residual symptoms and signs, their fre-
guent occurrence enables a factorial analysis to be per-
formed. Such analysesareimpossibleinthose serieswhere
the resolution rates are high®.

Predispositionsto DCS

The accepted predispositions to DCS include®
being female, increasing age, multiple dives, multiple as-
cents, multiple days diving, diving at altitude, decompres-
sion to atitude after diving, ingestion of acohol, exercise,
cold stress, obesity, dehydration, retention of carbon diox-
ide, physical injury, fatigue and the level of complement
protein activity.

The data presented here do not permit detailed dis-
cussion of most of these phenomena, becausethetotal diving
exposure of the community from which our patients are
derived isnot known. For example, it is necessary to know
the percentage of the total hours of diving attributable to
females, before the significance of the 12 female divers
(20.7% of the total) with DCS in this series can be deter-
mined.

However, some significance can probably be attrib-
utedtothefollowing observations: 69% of all of thesedivers
had dive exposures that exceeded the limits of the DCIEM
decompression tables®  These tables were chosen as a
reference becausethey weredevel oped after extensivelabo-
ratory and field testing and the associated probabilities of
DCS are known®, 25.8% of the divers were not using a
decompression table of any sort. 69% of the divers devel-
oped DCSafter aseriesof repetitivedives. Only 10.3% had
their episode of DCS precipitated by equipment failure. The
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majority of patients (70.7%) had neurological symptoms
and signs. And despite 75.9% of these diver patients
receiving multiple HBO treatments, 54.5% had incompl ete
resolution of their symptomsand signs. Inaddition, 5divers
devel oped symptoms of DCS only after adecompression to
an altitude of more than 300 metres above sealevel. In 3 of
these episodes, thisdecompression occurred between 12 and
24 hours after the dive, and in one, more than 24 hours after
thedive. DCSoccurred in 2 of these 5 divers despite them
having done dives that complied with the DCIEM tables®.

It is reasonable to argue both that the use of any
decompressiontabl eisprobably better thanusing noneat all,
and from the data presented here, that recreational divers
should use a conservative decompression table such as that
produced by DCIEM®. Thefrequency of repetitive diving
in this series of DCS is consistent with convention®, but
contrasts with the 1987 experience of the United States of
America Divers' Alert Network (DAN), in which 75% of
DCS episodes resulted from a single dive®. Nevertheless,
theobservation that repetitivedivingisarisk factor for DCS
is not surprising, given the demonstrated slow clearance of
inert gasesfrom biological systemsin comparisonto ratesof
uptake®, and the observation that should gas phase separa-
tion occur during the decompression from a dive, that gas
elimination will be even slower on subsequent (repetitive)
dives®,

The data presented here are also in conflict with the
1987 DAN experience in 2 other areas. the absence of
acohol asarisk factor (c.f. DAN; alcohol in 50% of cases
of DCS); and the absence of decompression meters as the
only controller of decompression (c.f. DAN; 38 cases of
DCSindiversusing metersin such afashion)®. Theformer
observation is particularly surprising, and the latter may
change as the use of decompression meters becomes more
widespread in Australia®.

Although it is claimed by some authors that the
majority of divers who develop DCS after a dive where
nitrogen is the diluent gas involved will have isolated
musculo-skeletal disease® 19 70.7% of diverswith DCSin
this series had overt neurological symptoms and signs.
These dataare consi stent with thosereportsthat suggest that
most DCSincidents will involve the nervous system(o 1213,

Despite multiple hyperbaric treatments, more than
half of these divers did not have their symptoms and signs
fully resolved before they left hospital. Although this
greatly exceeds the anticipated failure-rate for hyperbaric
treatment of thisdisease®, itisinagreement withthefinding
that almost half of aseriesof diverswith DCShad abnormal
electro-encephal ograph (EEG) findingsoneweek after they
had completed treatment for DCS®. In that series the
prevalenceof abnormal EEGsfell significantly (P<0.0001)
during the subsegquent month suggesting that the abnormali-
ties were indeed related to the episode of DCS.
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Thetime-frameof the atitude-precipitated episodes
of DCSisastrong argument that diversshould not fly within
24 hours of adive, regardless of the nature of that dive.

Predispositionsto AGE

Although not established, it iswidely accepted that
AGE complicatesthedecompression of diversbecauseof an
increasein airway pressure which can cause gas embolism
of the pulmonary veins® 33, Consequently, it is argued
that rapid decompression, breath-holding, and pulmonary
pathol ogy that canresultinair trapping predisposeto AGE®.
However, reviews of patientswho have suffered AGE have
shown avery low concurrence of overt pulmonary damage
(e.g. pneumothorax, mediastinal emphysema, surgical em-
physema)®; and the pulmonary lesion that typically under-
liesthe evol ution of gasemboli inthissituation hasnot been
described. In this small series, firm conclusions are not
possible, but 2 of these6 diversperformed afreeascent tothe
surface after equipment failure, and 3 of the 6 were recrea
tional scubatrainees. All divershad neurological manifes-
tations, and 3 had symptomsof chest pain and/or dyspnoea.
None of these 3 divers had radiological evidence of pulmo-
nary barotrauma, andtheir symptomsmay havebeencardiac
inorigin. Cardiac symptoms can occur when arterial gas
emboli enter the brain stem circulation and so affecting
neural control of heart function, by emboli entering the
coronary circulation, and the heart chambers, or cardiac
function can beindirectly affected by emboli enhancing the

release of catecholaminesinto the systemic circul ation® 3
40)

The mean time of onset of symptomswas almost 20
minutes after completion of the decompression. Thisfind-
ing conflicts with the convention that the onset of this
disease is within 5 minutes of decompression®, but isin
agreement with other reports of delayed presentation® 9.
The probability of DCS calculated from their reported dive
profileswas less than 1% (p DCS < 0.01) for each of these
divers®», so an incorrect diagnosisisunlikely. Two of the
6 divers had incomplete resolution of their symptoms and
signsdespiterepeated HBO exposures, but giventheir delay
prior to treatment (mean delay = 19.98 hours) this is not
surprising®®242.20. These small numbers prevent further
analysis.

Factor sthat influencetheoutcomeof patientstreated by
recompression for DCS

Thefollowingwerenot significantly associated with
outcome (complete or incomplete resolution): sex, occupa:
tion, increasing age, increasing maximum depth, anincreas-
ing number of dives, thetype of DCS presentation (I or [1)®,
increasing time from decompression to the onset of symp-
toms, and from the onset of symtomsto compression; the
initial hyperbaric treatment used, and the number of hyper-
baric treatments. Whiletheinsignificance of ageissurpris-
ing, andit appearsfromother studiesthat themoreseverethe
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DCStheshorter isthelatency before symptoms devel op®@?;
many of these results can be explained by the probable
earlier presentation for treatment of those divers with the
more severe forms of DCS, and the more frequent and
aggressivetreatment of such divers. The similar frequency
of incomplete resolution of symptoms and signs for those
divers with type | and those with type Il DCS can aso be
explained by thisphenomena, but may a so beinterpreted as
supporting the argument that this typing of DCS is not
predictiveof outcome®. Indeed, itislikely that many divers
withtypel DCS have covert nervous system involvement®.

In contrast, being a diver whose occupation is col-
lecting abalone, a history of previous DCS, having had a
diving exposure that did not comply with the DCIEM
decompression tables®, and an increasing number of as-
cents (decompressions) were al significantly associated
with a poor outcome (incompl ete resolution).

Thelocal abal one diving community hasbeeninves-
tigated previously®®- and shown to have ahighincidence of
DCS, and an increased prevalence of hearing loss and
dysharicostenonecrosis. Twelveaba onediversweretreated
for DCSinthisseries, and 11 had incompleterelief. Nineof
the 12 abalone divers had a past history of at least one
episode of DCS.

The association between a previous history of DCS
and poor outcome is highly suggestive that much of the
recovery from DCS may be due to phenomena such as
neuron recruitment, and requiresthat areturnto diving after
an episodeof DCSshouldinvolvevery conservativedecom-
pression practises to minimise the risk of further DCS.

The significance of both complying with conserva-
tivedecompressiontablessuch asthoseissued by DCIEM©,
and of minimising ascents so as to improve outcome is
obvious from these data. Multiple ascents are already
known as arisk-factor for DCS®, but this study shows that
not only may multiple ascents increase the probability of a
diver developing DCS, but al sothat divesinvolvingmultiple
ascents reduce the chances of a good outcome after treat-
ment of any ensuing DCS.

Summary

The effects of treatment in aseries of 58 diverswith
DCS and 6 with AGE, that occurred after dives involving
compressed air, are presented. The findings in this series
include a predominance of neurological DCS, long delays
prior to treatment by recompression, and a poor overall
resolutionrate. Factorial analysisshowsthat the chances of
a poor response to treatment increase if the diver has a
previoushistory of DCS, if thediver isarean abalonediver;
and if the dive profile did not comply with conservative
decompression tables such as those of DCIEM®), or if it
involved multiple ascents.
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DIVING ACCIDENTS
WHAT ISTHE MAGNITUDE OF THE PROBLEM
IN NEW ZEALAND ?

Allan F.N. Sutherland

Diving is one of the fastest growing sports with the
New Zealand Underwater Association (PADI Franchise)
now claiming that 5% of New Zealand’ s adult population
hasbeen either trained, or isundertaking scubadiving from
training numbers and tank inspections. Thisfigureistwice
the percentage quoted from Australia of 2.5% and higher
than that of other countries. In New Zealand, the numbers
of both deaths and accidents requiring hyperbaric oxygen,
recompression therapy, areontheincrease. Last year there
were 13 deaths and 35 recompression therapies (30 in
Auckland) with no accurate count of the number of serious



